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Contemporary shore platform stromatolites (SPS) are becoming well known. We describe the physical environment and macrostructures from contemporary shore platform stromatolites (SPS) on the wave-dominated southeast African coast. This was then compared with Mesoarchaean (2.97 Ga) stromatolites from White Umfolozi (100 km inland). We use the Tinley Manor SPS occurrence as the basis for physical environmental comparison, but where necessary draw on evidence from other SPS environments. SPS and Mesoarchean Umfolozi stromatolites contain similar stromatolitic structures and wave deposits. The SPS environment is wave dominated and the occurrence of similar sedimentary structures associated with the Mesoarchean Umfolozi Stromatolites indicates a paleoenvironment associated with waves. The contemporary Tinley Manor SPS wave climate is robust and from this locality we have identified broad limits in which SPS can develop and be preserved. Applying this knowledge to the Mesoarchaean White Umfolozi stromatolites suggests that they formed in a protected wave climate where wave incursions were less frequent. Both these wave-influenced settings are/were subject to very-low siliciclastic-input. The frequency of marine sediment input appears to be a limiting factor on microbialite growth in both the contemporary SPS and Archaean examples.






Stromatolites are among the oldest fossils known. Consequently, understanding where and how they formed is important to understanding of conditions under which early life flourished in the Achaean.  Historically, ancient stromatolites have routinely been compared to modern examples in Shark Bay, Australia (Logan, 1961) and Highborne Cay, Bahamas (Dravis, 1983). However, those trapped and bound modern microbialites show major differences to the Precambrian mineral precipitated stromatolites described from the Achaean. 

SPS, also referred to as peritidal tufa stromatolites (Forbes et al., 2010; Perissinotto et al. 2014), are common on shore platforms on the southeast African coastline (Smith & Uken, 2003; Smith et al., 2011; Perissinotto et al 2014) and are recognised globally (Forbes et al., 2010; Cooper et al., 2013; Smith et al., 2018). Research is ongoing into their biology and ecology (Forbes et al., 2010; Rishworth et al., 2016a; 2016b; 2016c; 2017a; 2017b; 2017c; 2018; 2019b), aquatic geochemistry (Smith et la., 2011; Dodd et al., 2018) and sedimentology/geology (Smith & Uken, 2003; Forbes et al., 2010; Smith et al., 2005; 2011; 2018; Cooper et al., 2013; Edwards et al., 2018). Recent work (Smith & Uken, 2003; Smith et al., 2011; 2018; Perissinotto et al, 2014; Edwards et al., 2017; Dodd et al., 2018; Rishworth et al., 2016a; 2017c; 2019b) has shown that the contemporary shore platform stromatolites (SPS) are a better contemporary analog for Precambrian stromatolites than the Shark Bay or Bahamas occurrences. Despite the major differences in atmospheric and oceanic conditions, the main points of comparison between SPS and Archaean stromatolites are as follows:
	SPS are produced primarily by mineral precipitation, although minor trapping and binding stromatolites do occur. This is well illustrated by the microbially trapped and bound storm beds from Cape Morgan (Smith et al., 2005).c
	SPS possess seasonal to sub-seasonal (due to storm abrasion) laminae (Smith et al., 2005). 
	The scarcity of climax lamination (Reid et al., 2000), characterised by diatoms (Smith et al., 2005) in the calcified form may be due to storm activity or non-calcification of this lamina type.
	SPS develop in mildly transgressive siliciclastic settings 
	SPS could be preserved in the geological record as micritic lenses on palaeo-shore platform surfaces (unconformities). 

Achaean stromatolites grew within an environment free from metazoans, which have been blamed for the fall in stromatolite numbers from their peak in the Proterozoic (Peters et al., 2017 and references therein). Although the SPS setting is relatively reduced in metazoans, some metazoans have applied a strategy of coexistence (Rishworth et al., 2016a,b,c). 






Fieldwork was conducted at and around the Tinley Manor SPS site (Fig. 1) during which geomorphological and environmental information was collected. This was compared to that already obtained from other contemporary SPS facies have been recognized (Smith and Uken, 2003; Perissinotto et al, 2014; Smith et al., 2018). Wave deposits are particularly well exposed at Tinley Manor. Wave climate data was obtained from Datawell directional waverider buoys owned by the Council for Science and Industrial Research (CSIR). Data was sourced from Durban (in 30 m of water and 1.7 km offshore) and to a lesser extent Richards Bay (20 m deep and 1.4 km offshore) (Fig. 1). These data were analysed to gain insight into contemporary SPS swell regime growth tolerance. 






While the bulk of the information is from Tinley Manor, detail from other SPS localities is used when required. The KwaZulu-Natal (KZN) Indian Ocean coast is relatively straight (aligned NE-SW), wave-dominated (Hs of 1.65 m: Corbella & Stretch, 2012) and low-mesotidal (HAT=3.3 m). High-energy swells come from the south-east (Smith et al., 2010). Rivers feeding this coast are short (200 – 400 km) and steep, with seasonally variable flow (Cooper et al., 1990; McCormick et al., 1992). The coast is strongly wave-dominated, ensuring a negligible role for siliciclastic fines. Sea level rise is ongoing and measured at 2.74 mm/yr at the Durban tide gauge (Mather et al., 2009) and 1.4 mm/ yr offshore from satellite measurements (NOAA, 2019). The Tinley Manor SPS growth site is located on a Type A shore-platform (SP) (see: Sunamara 2015), sculpted into a headland separating two small headland-bound bays (Fig 2 D). The SP is 3-4 m above mean sea level, 30-40 m wide and extends approximately 300 m alongshore (Fig. 2A). The SP is excavated into a resistant dolerite sill, dipping northward at 5º. Siliciclastic sediment varies from fine sand to dolerite boulders 80 cm in diameter. The latter form a storm beach deposit at the landward edge of the SP. Reflective, gritty-to-pebbly siliciclastic sand beaches occur within the adjacent headland-bound bays. This coarse-grained to pebbly sand is supplied by a south-north flowing longshore drift. At its landward edge, the shore platform is covered by a marsh developed on a storm-swash terrace (McKenna et al., 2012; Dixon et al., 2015) (Fig. 2 A).


SPS are growing on the water-smoothed dolerite sill in the upper intertidal and supratidal zones of the SP (Fig. 2B). Joint intersections have been mechanically and chemically widened to form small rock pools (Fig. 2C), as is common on the SE African coast (Smith and Uken, 2003; Perissinotto et al., 2014; Edwards et al., 2017). The lack of well-defined rock pools at Tinley Manor has resulted in the colloform stromatolite morphology (Smith and Uken, 2003) being rare and the laminar SPS form (Fig. 2B) dominant. SPS wave rip-up laminar stromatolite clasts are present within rock pools (Fig. 3A) and within grass-stabilised pockets at the rear of the shore platform (Fig. 3B & C). As is typical in the SPS setting, microbialite growth here is facilitated by terrestrial springs draining a marshy hinterland (Fig. 2D).  

Flat lamination and pustular microbilite types (Smith et al., 2011) are present at Tinley Manor and Ballito (Fig. 4A). Rhizolith and wrinkled types (Edwards et al., 2018) are not present (Fig. 4B, 4C). The “Beach Rock” type (senso Edwards et al., 2017) has been observed at Cape Morgan and Tofo but not in the present locality. This latter is a variation of the trapped and bound stromatolites common to Shark Bay (Logan, 1961). SPS enclosed and partially enclosed pebbles and boulders are typical where rock pools are present, such as at Cape Morgan. We interpret these as oncoids, however, the large, dense cores restrict mobility (Fig. 4D).

Hand and microscopic inspection of uncalcified microbial mats shows the SPS to be laminated (Fig. 5). Two types of laminae are present as is typical of SPS (Smith et al., 2005). The thicker laminae are produced by cyanobacterial filaments growing perpendicular to these laminae (Fig. 5A). Very-fine sand grains may be trapped and bound within these microbial mats (Fig. 5B) These grains may have been deposited by wave or wind action. The thinner laminae appear to be erect filaments but, of a much shorter and thinner variety (Fig. 5C). A further characteristic of the uncalcified microbial mats is the abundance of diatoms (Fig. 5D & E), a fact also recognized from the Bahamian stromatolites (Reid et al., 2000). 


Tinley Manor Wave Climate
The wave-dominated KZN coast can experience high swells at any time of the year, but they are most common in austral spring and autumn (Guastella & Rossouw, 2012). Three main high swell-producing weather systems are known: 1) Cut-off-low (COL) pressure systems; 2) Cold Fronts (CFs) and, 3) Tropical weather systems, which include Tropical -Cyclones (TC) and –Storms (TS). Both Tropical- and COL- weather systems ocean become blocked, in their west-to-east passage by the Indian Ocean High Pressure Cell south of Madagascar, and while stationary can develop unusually high swells which then impact the KZN coast (Guastella and Smith, 2018).

For consistency, 3-hourly wave data was used in this study. The Durban data was extended and gaps in the record filled using Richards Bay Data (Fig. 6A). This data set begins in 1979 and is recorded by the same make of instrument (at Durban and Richards Bay) and using the same time resolution. Corbella and Stretch (2012) reasoned that the Richards Bay data is similar enough to provide a suitably substitute for Durban when Durban data is unavailable. As Tinley Manor is roughly half way between Durban and Richards Bay (Fig. 1) this data compilation should be acceptable. 

The highest recorded significant wave height (Hs) is 8.5 m, associated with Tropical Storm Imboa (1984) and the “March Storm” COL (2007). The latter had a maximum recorded Hmax of 14.5m, averaged over 20 minutes (Smith et al., 2007; 2010). No record of Tropical Storm Imboa’s Hmax is available. For comparison, the average Hs for Durban is 1.65 m (Corbella & Stretch, 2012). The centre of the “March Storm” (MS) was located 750 km SE of Tinley Manor on 18 March 2007. Waves from the MS struck the coast as swell and consequently this was a high swell, but not a storm event, as the sea produced by the MS had outrun its storm fetch. This high swell event caused massive infrastructure destruction to the adjacent urbanized coast, especially in Ballito 10 km to the south (Smith et al., 2007). During the MS the Tinley Manor wave run-up reached 14 m (from debris lines), the highest observed on the KZN coast. This event formed a boulder (30 cm to >1 m diameter) beach on the landward side of the SP. Run-up greatly exceeded the height of the SP on which SPS develop. The MS wave height recurrence interval (RI) is estimated at 32 years (Corbella & Stretch, 2012), however, estimates based purely on the historical record suggest a RI of about 20 years (Smith et al., 2016) (Fig. 6B). 

Shore Platform Stromatolite (SPS) History 
Since the MS (2007: Hmax =14 m), several swells with Hmax > 8-10 m have struck the coast but SPS growth continues (Fig. 6A). Smith et al. (2005) speculated on the role of marine storms on microbial mat growth due to wave scouring and suggested that mat growth would resume following a high swell SPS terminating event. No SPS field data is available for Tinley Manor prior to the MS high swell event, as this SPS occurrence was only discovered in 2011. However, following the MS, a sub-fossil calcified SPS outcrop (formed prior to the MS) was uncovered at Ballito (Fig. 1) (Smith et al., 2018). This SPS occurrence was calcified and capped by an erosion surface. The MS had scoured the SP clean of active microbial mat growth and most SPS, leaving only a few calcified SPS patches. Microbial mat erosion took place to a level of 3 to 4 m above mean sea level (amsl) on the Tinley Manor SP. SPS patches were preserved at this level signifying that at least some SPS survived the MS event. Microbial mat regrowth began to re-establish on this erosion surface within a few months of the MS.

As a first approximation, swells (Hmax >14 m) are expected to promote run-up elevations of ca. 12 m amsl, but other factors (such as wave direction and friction) may act to reduce the run-up. Measurements indicate that during the MS run-up was generally 10 m amsl along the KZN Coast (Smith et al., 2010), but reached 14 m amsl at Tinley Manor. During this event, however, the erosion of SPS did not exceed 3-4 m amsl (Smith et al., 2010). This suggests that Tinley Manor growing SPS can withstand the impact of swells of Hmax = 8-10 m, but not (with the exception of scattered patchy SPS veneers) those of Hmax > 12 m. SPS preservation is therefore related to the balance between calcification rates and occurrence of large, eroding swells (Hmax swells > 12 m). 

We analysed the combined KZN record (Richards Bay [1984-1992] and Durban [1992-2018]) (Fig. 6A & B). Prior to the MS (Hs = 8.5 m) the previous comparable high swell was produced by Tropical Storm Imboa (Hs = 8.5 m). Between these two SPS-scouring events only two high swell events exceeded an Hs of 6 m and most never exceeded 5 m (Fig. 6B). From evidence presented, we suggest that Tropical Storm Imboa probably was a SPS-scouring event similar to the MS. Other potential previous SPS terminating events may be represented by the historical high swell events of 1934, 1953 and 1966 (Smith et al., 2016).
  
Mesoarchaean Umfolozi Nsuze Group
The Pongola Supergroup in which the Umfolozi stromatolites are present was deposited on continental crust of the Kaapvaal Craton and is one of the oldest and best-preserved stromatolitic successions known. It is located within a 1.4 km thick volcano-sedimentary succession subdivided into the basal Nsuze Group and the unconformably overlying Mozaan Group. The volcano-sedimentary Nsuze Group is about 1800 m thick and rests nonconformably on a granitic basement. It is subdivided into four units comprising alternating sedimentary and volcanic strata (Matthews, 1967). Stromatolites are found within the Chobeni Formation of the Nsuze Group (Hicks & Hofmann, 2012; Matthews, 1967; Siahi et al., 2016). These stromatolites may have developed in a continental rift (Hegner et al., 1984; Burke et al., 1985) or a volcanic arc setting (Mukasa et al., 2013; Wilson et al., 2013). The sedimentary environment in which stromatolites grew is interpreted as a tidal flat setting (Von Brunn and Mason, 1977; Mason and Von Brunn, 1977; Beukes and Lowe, 1989; Siahi et al., 2016). Bolhar et al. (2015) concluded, on the basis of trace elements, that the Umfolozi stromatolites grew within an epicontinental basin, which had a restricted connection with an open ocean. Recently, however, Siahi et al. (2017), on the basis of the presence of ooids, suggest a high-energy intertidal to shallow-subtidal depositional setting.


Mesoarchaean Umfolozi Stromatolites 
The Mesoarchaean White Umfolozi stromatolite unit is 25 m thick (Hicks et al., 2011) and comprises greenschist meta-limestone. We did not observe the base of this unit but it rests on lapillistone according to Siahi et al (2016). The stromatolite unit grades upward into quartzite. This quartzite is fine-grained, dominantly flat-laminated but with subordinate planar cross bedding (PXB). The strata have undergone tectonic tilting of 20 to 30º NE (Hicks, 2009). Although flat-lamination (upper flow regime) is the commonest sedimentary structure, subordinate planar crossbed units (20-50 cm) are preserved. Although stromatolites interfinger with the quartzite all contacts are sharp. The quartzite probably represents a quartz arenite, deposited subaqueously within an upper flow regime. The association with stromatolites and wave ripples implies shallow water. The fine-grained nature of the quartzite may indicate a low relief hinterland. 

The stromatolite unit is dominated by flat-laminated stromatolites. Stromatolite beds vary from 1 to 60 cm thick with sharp lower contacts (Fig. 7A). These are extensive on outcrop scale, generally smooth, but can locally be wrinkly-laminated (Fig. 8B), and are interpreted as supratidal (Siahi et al., 2017). Secondary silica is relatively common in these stromatolites (Hicks et al., 2011), particularly within the wrinkly stromatolites. Stromatolite lamination is of the mineral precipitation variety (Fig. 7 B). Stromatolite drapes over wave rippled quartzite are common (Hicks et al., 2011). The contact between stromatolite types can be cross-cutting, indicating the presence of palaeo hardgrounds (Fig. 7C).

Columnar forms are present, varying from domes (up to 1m wide and 50cm high) to slender conical forms (2-4cm wide and up to 20cm high)  (Fig. 8). Rare oncoids (up to 3 cm across) are also present in the central parts of the stromatolite stratigraphy. Wave ripples are common (A=1-4 cm; λ=5-8 cm), with subordinate thin planar crossbedding sets (3-15 cm thick), often comprising stromatolite rip-up clast pebble conglomerate beds (up to 15 cm thick) (Fig. 8D). The latter have an erosive base that may fill depressions between columnar- stromatolites (Fig.8). 

The nature and presence of erosion surfaces within the Mesoarchaean White Umfolozi stromatolites indicates that the pre-existing beds were lithified, then eroded and that successive stromatolites formed on hard grounds. The presence of oncoids (Siahi et al., 2016) and slender columns is indicative of the presence of pools. 





There are both similarities and differences between the Mesoarchaean Umfolozi and the contemporary Tinley Manor SPS occurrences. The presence of lapillistone at the base of the Mesoarchean Umfolozi stromatolites (Siahi et al., 2016) underscores the environmental differences in gross setting between the Achaean and present. However, comparisons between the stromatolite forms present in the two settings provide a basis for improved understanding and interpretation of the Archaean depositional setting. 

Both the SPS and Mesoarchaean Umfolozi stromatolites comprise mainly mineral precipitated laminae (Mason & Von Brunn, 1977; Smith et al., 2005; Siahi et al., 2016; Smith et al., 2018).  While metazoans are present in the SPS setting as occasional bound elements (Rishworth et al., 2016a,b,c), they are additional to the primary precipitated material. 

Both settings show evidence of wave-influence. Siahi et al. (2016) describe the rip-up clasts associated with the Umfolozi stromatolites as supratidal storm deposits (high swell deposits?). The Tinley Manor SPS case shows that such deposits can be formed by swells which have outrun the fetch of the storm that produced them. The concept of storm deposits in the ancient needs to be re-visited. 

The input of siliciclastic fines into the SPS environment is very low due to the distance from any major river mouth and the wave-dominated nature of the coast. The interfingering relationship between quartzite, formerly marine quartz arenite (Siahi et al., 2016), and stromatolites suggests that when these sand influxes occurred they completely swamped the carbonate environment.   This stromatolite/ quartzite relationship is similar to the SPS being succeeded by “storm” beach deposits as recognized by Smith et al. (2018) for many SPS localities, and also the occurrence of “storm” beds interbedded in SPS (Smith et al., 2011; Edwards et al. 2017). The dominantly flat-laminated quartzites from the Umfolozi thus appear to represent high energy pulses which could represent palaeo-high swell events, which washed onto a low freeboard coastline/ hinterland and dissipated inland. There is a clear similarity with swell wave-induced erosion of SPS from modern shore platforms, followed by post-storm regrowth. 

The presence of boulders and rip-up clasts at Tinley Manor and SPS elsewhere are the product of high and lower wave-energy intervals, respectively. The absence of boulders in the Umfolozi stromatolites appears to be more fundamental as the presence of hard grounds (Fig. 8) implies the presence of rock which could have been wave-quarried to produce boulders had the Mesoarchaean wave regime been competent to do so. The lack of boulders suggests the Mesoarchean Umfolozi stromatolites grew in a lower wave energy regime than Tinley Manor during the Mesoarchaean. This is supported by the presence of conical stromatolites. Using the Tinley Manor contemporary SPS analog, the lack of boulders in the Umfolozi microbialite beds probably indicates that palaeo wave heights never exceeded Hs=4 m, and were probably a lot less, during formation of the Umfolozi stromatolites. Alternately the coast could have been a low freeboard one where wave energy was dissipated onshore. 

Thin planar crossbed (PXB) sets and wave ripples are common within the Umfolozi stromatolite beds indicating that the palaeo-energy regime was generally low. Palaeocurrent data is sparse, so no obvious pattern could be inferred. Data provided by Siahi et al (2016) showed a dominantly southwesterly direction of transport (N-25), which may indicate the dominant swell direction was from the present northwest. The presence of flat-lamination (upper flow regime) and 20-50 cm thick pxbs in the fine-grained quartzite (originally quartz arenite) suggests an occasional relatively robust wave regime during Mesoarchaean stromatolite development. 

The occurrence of stromatolite rip-up clast wave-deposits at Tinley Manor and within the White Umfolozi stromatolites testify to a subaerial (desiccation)/ subaqueous (wave deposits) environment duality. The subaqueous setting component is reinforced by the presence of wave ripples and PXB sets, oncoids and columnar stromatolite forms. No classical oncoids have yet been described from extant SPS settings, however cobbles and boulders with stromatolite girdles are present within SPS rock pools (Edwards et al., 2017). These stromatolite girdles have grown on cobbles that are too heavy to be rotated by currents and which thus represent failed oncoids. 

The Umfolozi stromatolites interfinger with fine-grained quartzite (both vertically and laterally) suggesting that the carbonate source was episodic or inconsistent. This can be explained if the source was represented by terrestrial springs as in the SPS case (see: Smith et al., 2011; Dodd et al., 2018)). During times of higher wave energy, quartz sand was transported and deposited, perhaps by high swell action, and swamped the stromatolite growing environment. The upward interfingering with, and the ultimate dominance of, quartzite may relate to a temporal change in wave regime or perhaps a lateral change in coastline energy or shape. 

We use the lack of boulders in the Umfolozi stromatolites to infer a “low-medium” wave regime. The alternating subaerial and subaqueous conditions show that the water-level changed but the temporality or scale is unknown. Bolhar et al., (2015) and Siahi et al. (2016) suggest that the Umfolozi stromatolites formed in a peritidal setting, which is consistent with this evidence. No metazoans were present in the Mesoarchaean so the Umfolozi palaeoenvironment was dominated by prokaryotes/ archaea, unlike the Tinley Manor environment which, with the exception of the SPS (upper intertidal and supratidal zone), is metazoan-dominated. 
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Fig. 1: Location map showing global and regional location of study areas. Co-ordinates: Tinley Manor (29º 26’ 46”S; 31º 17’ 26”E); Ballito (29º 32’ 15”S; 31º 13’ 20”E) and White Umfolozi (28º 14’ 36”S; 31º 10’ 21”E). North is the page top. 


Fig. 2: Tinley Manor SPS setting: A: The SP seen from the air during a high swell event (image courtesy of Simon Bundy). B: SPS (pink) apron (see: Perissinotto et al., 2014) growing on the supratidal Tinley Manor dolerite (blue) shore-platform. C: SPS stromatolites developing in a mechanically-widened joint plane (Ballito) on a clint and gryke surface. This crust is a remnant of growth prior to the March (2007) high swell event, and D:  Southeasterly wave direction (Tinley Manor direction from) for Hs>4 m (H=4m is the annual storm recurrence interval; see: Corbella & Stretch, 2012). Longshore drift is SW to NE.

Fig. 3: Tinley Manor: A: Wave rip-up microbial mat fragments (arrowed) at the edge of a rock pool (Machete is 50 cm long). B: SPS rip-up clasts in a grass-stabilised matrix (hammer is 27 cm long). C: Close up of SPS wave rip-up clasts (arrowed). Note the scale and thickness of the lamination in the clasts. These clasts are of the laminar microbialite variety.

Fig. 4: A: Bundles of flat-to-gently domed laminae (Cape Morgan). (Scale bar is 10cm); B: Rhizolith-type laminae (R) enclosing cream-coloured SPS layers containing wave rip-up clasts (Tofo, Mozambique). The Scale bar is 4 cm. This shows growth on a previously surface and may record erosion and subsequent microbial growth following storm (cyclone prone area) scouring; C: Flat and wrinkly lamination from Tofo, Mozambique (scale bar is 20 cm). D: An oncoid from Cape Morgan (scale bar is 0.5 cm) and E: The core of these microbialite forms are large and the dolerite is very dense so these features are not generally mobile. They are found only in rock pools.  

Fig. 5: SEM images showing A: Lamination composed of erect filaments separated by thin laminae (arrowed). Sscale bar = 1cm; B: Blow up of filaments (scale bar= 10 µm); C: Calcified filament (scale bar is 0.5 µm).

Fig 6: Tinley Manor wave climate inferred from Durban data (CSIR & TNPA data). A: Hmax  (3 hourly data) measured off Durban for the period 2007-2018, MS represents the “March Storm”. B: Hs (significant wave height; this value is used because the Hmax record is incomplete for the early part of the record) data of swell events off Durban greater than 4 m for the period 1984-2018 (6 hourly data). The 2007 high swell event was an SPS scouring event, and it is possible that the 1984 was another, but we have no direct observational evidence.

Fig. 7: A: Umfolozi stromatolites (S) developed on a quartzite bed (Q). (Hammer is 27 cm high). B: Wrinkled stromatolite lamination (Hammer is 35 cm long); C: Contact between flat laminated (F) and wrinkled stromatolites (arrowed). This contact is erosive, signifying a palaeo hardground . (Scale bar is 30 cm); D: Rip-up clasts, which have been reworked into a thin PXB set. Coin is 2cm in diameter.

Fig. 8: Conical (colloform) stromatolites comprising tall and thin forms. These units comprise isolated alternating with laterally linked forms. These types are separated by pockets of wave-input material (brown) between the columns.  Coin is 2 cm in diameter.
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